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EARTH has been used for building dwellings from 
I time ininicniorial. One method of use, superior 
to otht-rs, and which was known to the Romans, has 
been preserved by tradition to modern times. 

This method consists of ramming slightly moist, 
si)eeially selected earth, without the addition of 
straw or other material, between movable forms, 
and is known by its French name, "pise de terre," 
which means " rammed earth." 

Pise de terre is a reliable building material when 
properly handled and is admirably adapted to struc- 
tux-cs on farms distant from transport routes. 

Little information has been published on rammed 
earth in the United States. The contents of this 
bulletin were abstracted ehielly from accounts of 
experimental work in England. 
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INTRODUCTION 

EARTH HAS BEEN EMPLOYED in the building of house 
walls by nearly every people whose history is recorded. 
SiivafTcs construct dwellinjis by claubiufr mud on a frameworlc of 
reeds or small branches. Early settlers in the Middle West built 
the walls of their homes by pilinjLr up 'successive layers of matted sod. 

These methods produce only crude structures, "but there are two 
methods adapted to pretentious and permanent buildings. The first 
and better method is known as rammed earth or pisw de terre and 
is the subject of this bulletin. The other method is the adobe Coii- 
striK'tioii of the Southwest, which is built in i)riictically the same 
way in England under the name of " cob.'" Adobe or cob consists 
of a mixture of suitable clay, sand, and fiber, which may be grass 
nm\ roots in the sod or straw. The nii.xtuie is puddled and laid on 
the wall and, before it has become too hard, is trimmetl true to line. 
S(mietimes it is cast into bricks. Many old and hand.sonie biiilding.s 
in Uie Southwest and Mexico bear evidence of the durability of 
adobe in a seiniarid climate. 

PlSt DE TERRE 

Pise de terre (pronounced pee-zay duh taire), the French for 
" rammed earth," is an ancient type of construction. The writings 
of Pliny state that watch towers of this material constructed by Han- 
nibal were in use 250 years after completion. It was introduced 
into France by the Romans and later was adopted in England. 
There are a few examples in this country. One in Washington, D. C, 
is said to be more than years old (fig. 1) and another (fig. 2) is 
of recent eonsti'uction. 

1 



2 



Farmers' Bulletin 1500 



Piso tie terre Avails nre built by the simple procsess of ramming 
selected eartli containin<r a suitable amount of moisture between 
wooden forms, wliicli on dryin<r out becomes surprisingly hard and 
dui'iible. Forms can be removed as soon as tlie eartli is compacted. 
Kainuied earth nmst be protected fiom water, and foundations, ex- 
terior sui'faces, and oijenings in walls must be desifrned to prevent 
dama-.a' from this cause. Snuimer is the best time to build, but it can 
he dune at any season tliat is dry with no probability of severe frost. 

Modern experience has developed practically no information un- 
known to earliei" users, but it has confiimed old evidence that rammed 
eartli is supei ioi' to some buildin<r materials commonly employed at 
the present time. 

Tliis tyi)e of construction is especially appropriate for rural struc- 
tures in districts remote from railroads where building materials 




1. — A lumsc now Ktnndiii); in WiiKbliif^toii, 1). C. <1ip iiinin irailfoii of wliicli was 
biiill of niiiiiiicil tartli In ITT.'i. Tliu iiorlico and rooms at rear have bwii aiidcd 

in rt'cviit yvtwti 



are not easily jjrocurable. In jicncrai, suitable eai'tii is readily ob- 
tainai>le, and a farmer links cajjital can a'^ the result of his own 
labor [)roduce clieap, attractive, and durable structures, the walls of 
which ])r()vi(le dryness and insulation against heat and cold. The 
services of skilled artisans ar« not reciuired, because pise work pro>- 
seuts so little difliculty that it can be done by anyone without previous 
e.\])ei'ieuce who will exerci>e care in a few i^articulars. 

'riioiigh coiiiiiioniy coudued to one and two story buildinu:'; (fio;. 3), 
j)is(' walls have been carried to a greater lieiglit. as in tlie iiistaii'^e of 
a cliurcli in France which was SO feet long and 40 feet wide, with 
walls IcS inches thick and 50 feet high. Ai't^T standing 80 years tlie 
church was burned and the walls remained uujjrotected from the ele- 
ments for a year before an attempt was made to tear them down. 
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They were so difiiciilt to demolish that they were ysed in the re- 
stored church. 

SELECTION OF MATERIAL 

The most important considerations in pise work are (1) the selec- 
tion of a proper soil haring the correct amount of moistme and (2) a 
thoron<^h conipaetin;; of the earth. Suceess -with this material' is 
dependent upon other factors, bnt unless the earth is suitable and 
tliorouffhly rammed the structure will be a disappointment if not a 
failure. 

The qualities the earth should possoRS tu'e found in a suiprisingly 
wide variety of soils yet all earths are not suitable. Pure clays urc 




:;. — A house near WasbinKton, D. C. The linst-story waUs are ot nuniiu'd 
cartli rcstiiiK on a foundatiou of concrete blocks 



not rceonnnondcd because of excessive shrinkaj^e, and pure sand will 
not bind. A mixture of the two, however, is <^ood, especially if it 
contains small round gravel. A German author rcfouuucnds a 
thorou<rh mixture of 1 part stiff clay, 1 part sharj) sand, and 2 i)arts 
stouo broken lo the size of a walnut. 

Most ordinary earths are suitable or may be made so hy admixture, 
but, according to most authors, all organic' or other matter subject 
to rotting or slaking must be eliminated, hence top or vegetable soil 
should not be used. 



1 lii>ci-nt rxpcrlmentnl exp<M-leuce indicates tliat a furi.-UI aiuount of orKaiile mtilter may 
bi' iH'rmUted, but null! more exact information is available it is thousiit advisabU> to 
;ivoul or eliminate It. 
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If the earth forms into clods when dug or if the sides of an excava- 
tion remain firm it is an indication that the soil may be fit for pise 
de terre walls. The soil in a footpath which rcnnims hard in wet 
weather is ])roniisin^ material. Eiii tli in which wl\eels have formed 
ruts from which it is diflicult to turn wh'^n dried out may be suit- 
able. Difliculty in crushing a dry Uuri]) of soil between the fin«rers is 
another indication of snitahility." Fie(]iicntly the soil froin cellars or 
trenches is fit for building or may bo easily made so by mixing with 
other soils. 

If an earth found on the i)roposed building site is not of the proper 
conijiosition, it may possibly be mftde suitable by the addition of a 
sanall quantity of a different earth from another locality. The cost 




Kid. :i. — KiiKlisli cxiimpU' of tw<i ^»tol•\• rnnimxt-ciiitli cnnKtruftlon. (Courtesy 
lit Ills .Mwjosty's StntiDiii-ry Otiln', Loudiiii.) 



of tran.sporting suitable earth from a distance may, when other ma- 
terials are locally avai!al)le, render ])is(' construction uneconomical. 
If till' earth is too sandy, then clay must be added, whereas if clay 
predominates, sand, gravel, or almost any mineral material will im- 
prove its quality. 

TEST FOR QUALITY AND CONSISTENCY 

The variation in suitable earths, with respect to quality and con- 
sistency, is so great that the following test should be made before 
acce])ting or rcjef'tiug a s-oil : 

A small wooden tub oi' ])ail. witliont a bottom, should be; ])laced in a 
hole in the ground in the bottom of which a flat level stone or other 
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firm base has been set; the space wound the tub should be filled with 
well-rammed earth, so that the tub is slifrhtlj' inclosed to prevent its 
burstmfr. The earth to be tested should then be rammed into the 
tub, in layers 3 or 4 inches thick. When the tub is brimful any sur- 
]>lus earth should be scraped off, the earth i)acking loosened and th« 
tub, contamin<r the compressed eartli, removed. 

If, on inversion of the tub. the compressed earth will not conie out 
it should be allowed to dry for 24 hours in the air, when it will have 
shrunk enough to permit the remoral of the tub. The lump of earth 
should be covered to protect it from a direct shower of rain; an 
oblique sho^ve^ fallinn; on the sides should not mar it. The earth is 
fit for buildin<!; if, upon continued exposure to the uir. it continues, 
without cracking or crumbling, to increase daily in density and 
compactness as its natural moisture decreases. 

PREPARATION OF EARTH 

All top soil containino; organic m«tter should be cast aside as 
unfit for use. The earth sliould be dug and if necessary sifted, so 
as to remove stone above the size of a walnut, and then piled in a 
large hea]) to kee]) it from drying out and to permit uniform dis- 
tribution of moisture. It is a good plan to keep some earth under 
sheher so that a supply in proper condition will be always at hand. 
\Vhen a screen is not available, the large stones can be removed with 
a rake having teeth 1% inches apart; if the earth is thrown into a 
coiie-.shaped pile, the large stones will roll to tiie bottom. An earth 
of ])oor quality may be improved by mixing it in a pile with a more 
suitable soil, a .sliovelful of the better to fire or six of the poorer or as 
the case demands. 

Before it is placed in the wall the earth' should be turned over 
Avith a shovel two or three tunes to a.ssure uniformitv. but only a 
sufKcieiit quantity for two or three daj's' use should be prepared at 
one time. Three men can easily i)lace 2 cubic yards of rammed wall 
per day. As the A-ohune of the compressed soil is but little more 
than half of the loose soil, 4 cubic yards should be prepared for 
the day'-^ work, lii determining the availability of suitable earth 
the total quantity required should be estimated upon the .same basis. 

It is important that the soil have the proper moisture content when 
used. If put into the forms a little too moist the soil can not be 
properly compacted and a stroke in one place makes it rise in an- 
other. In such case it is best to stop work until the earth has dried 
sufliciently to permit jiropoi- ramminii-. There is not the same neces- 
sity to stop work when the soil is too dry, for it may be moistened to 
the ])ropor degree by sprinkling with water and mixiii<r well. 

(ieuerally, fresh earth contains sufficient moisture to msure ])roper 
consolidation. The tendency of the inexperienced is to work with 
too damp a soil. As long as the rammer will consohdate without 
pulverizing the material, it may be assumed to be wet enou<di. On 
account of the plasticity of wet earth, ramming is inefFectfve; the 
earth remains uncon.solidated and will shrink and crack on dryin"- 
out. In general it will be found that the moisture content should be 
between 7 and 14 per cent of the weight of the mixture. In British 
experiments a clay-gravel-sand mixture containing 15 per cent of 
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wtter ^n'fe the best results, whereas a ehalk-loam mixture Avorked 
best with only 7 per cent water. 

The i)ci'centa<ie of moisture can be found by weighing samples 
of oartii when moist and again when dry, tlie diffcrenre in weight, 
taken us a percentage of the dry weight, giving the figure required. 

The following simjile proceciure will enable one to familiarize 
himself with the "foel" of earth containing api)roximately the right 
»moiuit of moisture, or about 12 per cent. Sift about 12 pounds of 
the earth into a pan and dry it thoroughly in an oven, stirring the 
eartii occasionally to hasten t!ie process. Place 8 pounds of the dried 
earth in a flower i)ot or similar container having a hole in the 
bottom. If tlio pot is placed in a pan containing 1 pound of water 
the earth, through capillary attraction, will absorb all of the water 
and the soil thus uniformly moistened will be of about the right 
cousititency for ramming. A handful of the soil, 
comjiacted by scjueezing, should break a])art wiien 
dropped to the ground. 

TOOLS AND FORMS 

The only special equij)ment comi)riscs rammers 
and forms. Tliese are simple and can be made by 
anyone handy witli ordinary tools. Of course, 
picks, shovels, whcolbai'rows. screens, buckets, 
barrels, and wateiing pots are I'eciuired in pro- 
portion to the magnitude of the work. 

According to early writeis. three ranuuersi 
were required, one being of heart shajie somewhat 
like that shown in Figure 4. which is an illustra- 
tion of an old type. It was thought that success 
in this work dcjjended upon the use of this ty])c.or 
some modification of it. the ren-oii advanced being that the wedge- 
siiajied iiciid c(uu])ressed tiieeartli in four directions and tended to knit 
it l«getliei', wiiereas a flat-faced rainnu>r formed a enist tluit i)revented 
the consolidation of the lower eaith. The flat-faced types, howerer, 
permit of thorough rannning along the edges and in tho corners of 
the forms. The head of the rannner, the surface of which should 
be smooth, should be made of ui<>tal or the root of some hardwood 
tree. Se\-ei'al types of ramiu<Ms, as used in early work, are illus- 
trated in Figure !). Opinion varies witli resjiect to the use of tlie 
heart or wedge-siuqjed rammer. Some recent workers in j^isc, 
togotlicr witli early writcns on the subject, claim its use essential 
to best results yet others have attained a)i)>arcntly excellent results 
Avitli tlie use of only flat-faced niniiner-^. Two cast-iron and one 
metal-faced wood laiiinier. used in erecting the walls of the house 
shown in Figure '2. are iilust rated in Figure G.^ 

The foi-ins now used diiler little from those described by the 
earliest authors. The general requirements of a form are that it 
should be reasonably light, easy to handle, very rigid, low in cost, 
and not liable to wnrj). It should be adjustable to differwt thioli- 
nesses of walls, cjisily disengaged from the walls, one i>ide at a time, 




WetgMe>al3lbL 
wllh 4' Handle 

Vul. 4. — IMsoir made 
of Iianlwood root 



^ Tlii'Si' iimiiiu'is were made in uciordancc with directions furulshod by V. B. Alrd. 
AgrlciiltiiriU Collude, ,\«t:il, .South Afric.n. 
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and should afford means of blocking off the earth at openings or 
wherever desirable. Figure t is a suggestion for a form that is 
simple in construction and operation. The corner form ean be 
adjusted to different wall thicknesses by using the proper width of 
fiU&r pieces and moving the exterior corner battens and elamps to 
suit. The length of the tie bolts, which should be threaded at both 
ends, will vary with the thiekness of tlio earth wall. The use of tail 
nuts having a 3 or 4 inch lever arm obviates the necessity of a wrench 
and will facilitate the work. Pieces of old wagon tires could be used 
instead of bolts if holes were punched for pins or wedges. A series 
of holes spaced an inch apart at ends of the pieces of tire would admit 
of their use in building different thicknesses of walls. 

Although a special corner mold is not essential, it is a eonvcnience. 
The number of form sections required will depend upon the number 
of workmen available and the rate at which the work is to be done. 
Two arc ncessary, e\-en though both 
are designed as straight-wall forms, 
because when tl>e corners are built 
cleats must be put on the inside at one 
end of one of the sections to hold a 
head or end board. The cleats must be 
put on very securely to withstand the 
pressure due to the ramming, and if 
they are removed every time the sec- 
tion is used in the straight wall— that 
IS, without the end board — and re- 
placed when it is used to form corners, 
the fastenings will wear out in a 
short while; moreover, the changing 
would cause considerable delay in tlie 
work. At the end of the form used at 
corners the bottom boards must be cut 
away a depth of 6 inches and a length 
equal to the thickness of the earth wall, 
to ixjrmit the form when set up at a 
corner to extend over the intersect- 
ing wall and at the same tinio gri]) 
the wall being built as in Figure Both the inside and outside of 
the tonn are cut m this manner, so that it will fit on either end of 
the wall. 

Difficulty is encountered at times iu withdrawing the bolts from 
the walls. A possible method of overcoming the difficulty is to place 
a thm layer of fine, dry sand around eacli bolt as the earth is rammed 
into the form. The sand should Iceep the bolt from binding and 
could be easily poked out after the bolt is A\itlidrawn. The practice 
followed in concrete construction of greasing the bolt or wrai^iMn" 
with heavj^ paper might be feasible, but so far as known has not 
been tried in pise work. 

WALL THICKNESS 

The required thickness of walls has not been determined by tests 
but It IS customary to make the firet-story walls 18 inches thick the' 
seeond story walls 14 inches, and the interior bearing partitions 12 
92751°— 2f 2 
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Fio. 5. - Metal aiifl wood iiiinnieis 
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to 14 inches. Where room spaee is limited and there are many par- 
titions, thoy are usually made of some other material. A Gerrasui 
•writer recommends that, in fjcneral, pise walls should be from one 
and one-half to two times the thickness i-equlred for brick w»lls. 
Walh of one-story oiitbiiildiii<;s which are not subjected t-o heavy 
loads might well be made 12 or 14 inches thick. 

FOUNDATIONS 



Foundations and all walls in eontaet with earth must be of con- 
crete or other nia'^cmry. The footin^^^ sliould bo below frost line to 
prevent heavinjr, and the masonry should be carried up at Ica'^t 12 




Tw. (j. — liMininers us«l in the constriiclinn of thc^ lioiise sliowu In Mtrwre (Conr- 

tt's.v of II. li. Iliini|>liri'y.) 



inches above the surface of th'^ <ri<)iuid, so that rain will not splash 
on the earth walls. Tho fomidsition must be of the same thickness 
as the superstructure, pcnerally 18 inches, and there should be a 
damp-proof course on top of it to prevent nmisture from rising by 
cai)illary attraction into the rammed earth. A course of slate cm- 
boddcd m mortar, made of one part Portland cement and one part 
sand, forms a \orv cll'cftive barrier against moisture, but the sliite 
should be ])rotccted with two courses of brickwork on top to shield 
it from damage while the earth i* being ramuK^d. Several thick- 
nesses of tar paper bedded in hot tnr forms a good damp-proof 
course. 

Foundations of earth, rammed into a trench G inches wider than 
the upper wall and with a damp-proof course at the ground level, 
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have been used in South Africa. It is said .that so lona as riinninc 
water is kept troni contact with the base of the walls there has been 
no detrimental effect. Such foundations might be employed where 
there is no frost action and Avhere the subsurface conditions are 
known to be otherwise favorable. In the light of present knowledge 
It would not be wise to erect a permanent building, especially one in 
^yhlcll human beings or valuable stock are to be housed, on fouttd*- 
tions of rammed earth. 

CONSTRUCTION 
PLACING AND RAMMING 

When the foundation has been completed, the form is set up at 
one corner overlapping the masonry 6 inches. A workmnn should 




Slop with Beveled Rebate 
lo form Bond between Wall Section*. 



i"METAL CORNER IRONS I ji'ivietal 





INTERIOR ANGLE 
fS" Dressed Planking 
2"x 6" Dressed 

I 2V4"Fillf!rforl9"lVaM» 
,\K)mitfor H"Walls 

.Corner Irons to be 
Moved to suit 
Wall Thickness 

PUANorCORNER ■'STRAIGHT WALL FORM 

Fro. 7.— Corner and straight-wall fornix 

bo placed in each division of the foini. Uie most '-killl'ii] boiu"- placed 
in the corner. He should direct the- work of the others and'see that 
the form docs not swerve from lino or level; this is very important 
at the start of each setu]). because when the form is half full it can 
be adjusted only with the greatest difficulty. 

The earth is shoveled into the forms in 4 or .5 inch lavers the 
men in the fonn spreading it evenly. The eartli in the corners and 
clo.se to the sides of the form should be rammed first and then the 
rest of the surface. The strokes should cross one another so as to 
press the earth in all directions and knit it together which accord- 
ing to some authorities, is best accomplished with a wedge shaped 
raiuiuer. 1 his also leaves the surface somewhat rough, providintr 
a key tor the succeeding course. The ramming should be rapid and 
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equable and should not be in unison ; that is, the men must not keep 
time in strikin<^ the earth nor are lieavy blows desirable. Care must 
be taken that no fresh earth is r(><"eiveJ into the form until the prev- 
ious layer is well beaten, a condition evidenced by a rinj;ing sound 
nt each rammer stroke. Layer after layer is rammed hard until the 
form is full and level with the top unless the end of the section is to 
be sloped to provide for bonding as described Inter. The form then 
can be taken apart and reset. 

After each course of the walls is completed the forms are set up 
for the next coui"SP in such a way that the work prof^resses in the op- 
posite direction in order to provide a bond. Before any earth is put 
into the forms, the top of the lower course should be roufihoned, 
brushed free of louse particles, and slifilitly moistened so that the 
fresh earth will adhei'e to the drier earth already in place. Thus, 



nailings for a stair cairiafie. Not being fidly embedded in the pise 
wood ins&rts should be creosoted or otherwise treated to prerent 
decay. 

Sharp exterior corners in earth walls are chipped easily, and it 
is therefore cuistomary to round oil' the main corners to about a 
9-iucli radius. Thi'< can bf done by placiuir a fillet or len<xtli of cove 
moldin<; in the corner of the form, as shown in Fifxur'^ 10, or the 
sharji erl<z:cs can be rounded, after the rammiufr of the walls is 
comj)lcte(l. by scrapinjr, but this metiuid is a little troublesome. 

The bolt holes fjenernlly are not filled initil all the earth work is 
com])leted. ITiey are useful in suiijwrtinj: a .scaffold when the outside 
siu'face of the wall? is to be stiKTocd or otherwise treated. They 
are finally filled with earth nunin"d flush with the sui'face of the 
wall. 

The top oi^ the wall should be j)rofocfed from rain, as too much 
moisture might cause a serious weakness in the stnictui'e. 




section by section and 
course by course the walls 
are raised 'fo the desired 
height, care boinfr taken 
to provide for oi>euin<rs, 
plugs, anchors, etc., at 
proper locations; although 
an opening can be cut or 
a hole drilled after the 
earth hnrdeus. it is done 
only with difficulty be- 
cause the pise becomes al- 
most as solid as concrete. 



Fig. s.- -StrniKlit-wall toi-m tor use .it corners 



"Wood plugs and blocks 
nuist be inserted in the 
earth walls as the work 
progresses, as in masonry 
construction, for securing 
frames and trim to the 
walls. (See fig. 0.) The 
two blofks at tho right are 
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BONDING 

Special precaution must be taken to bond adjoining sections in 
the various courses. One method is to slope the earth at 45° 
in that end of the form adjacent to the section next to be built. A 
good bonding joint wTiich may be more easily formed is made by us- 
ing, in this end of the form, a bulkhead to which a 2 by 4 inch or 
2 by G inch piece is fastened, as in Figure 11, so that a rebate will be 
molded in the earth. A wall in course of construction using this 
method of bonding is shown in Figure 12. The joints in each suc- 
cessive course should not 
come directly over those in 
the preceding course, but 
should break bond as in 
masonry. "Where sloping 
joints are used the slant in 
each course should be oppo- 
site to thftt in the joints of 
the previous course. (Fig. 
13.) 

At the corners a special 
corner form is used or a 
sti-aight form as illustrated 
iu Figure 8. "With the 
straight form each course 
is placed in the direction 
opposite to that of the 
])receding, and quoins are 
formed at the corners as 
illustrated in Figure 13, 
effecting good bond. 

REINFORCEMENT 

Old descriptions of pise 
construction indicate the 
occasional use of reinforce- 
ment at outer corners and 
the junction of partitions 
with exterior walls. AViien 
the earth was not of a xcvy 
good _ quality, a little was 
used in the walls. The rein- 
forcement consisted of rough 
boards 1 inch thick, 8 to 10 inches wide, and 5 or G feet long, laid 
flat between the courses so as to cross at the corners. In the st'raight 
runs of wall, pieces of boards 10 or 11 inch(-s in length were placed 
flat crosswise of the wall about 2 feet apart and were set in the pise 
after the form was about half full; these short boards served to 
equalize the pressure of the upper parts of the walls on the lower 
parts. Wood does not rot when completely embedded in dry earth 
where it is not subjected to alternate -wetting and dryiu". 

Ik'inforceiiient was not universalljr used in former times and 
modern construction seems to ignore it. Under average conditions 
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i'la. 11. — A stiuiijlit-wiill form witli stop or Uilklipad aud stop window 
jmnb. (Courtesy of II. IJ. Humphrey.) 
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it wonlcl seem to be unnecessary. However sliould a little reinforce- 
ment seem desirable in narrow pila'?tpr« betwcpn winrlow^ or at tbe 
junction of a partition and 



wall, metal 
iron can be 
the wood. 



lath or .'icrap 
substituted foj 




SUl'PORT OF JOrSTS 

There are scvei'al metliods 
of providin<j for the sup- 
port of tlic fir^t-floor joists. 
J51ocks can be set in the 
foi-m so as to make re- 
cesses to receive tlie ends of 
the joists in the masoniy 
foundation or the earth wall 
(fig. 14), depending; upon 
the relation of tiio floor level 
to the to{) of the foundation. 
If the joi^^ts are to rest in 
the foundation Ijdow the 
damp course, the recesses 
should be a little wider than 
tlie thickness of the joists, 
so as to permit of a ciroula- 
tion of air al)out the ends of 
the joist'--. Another method 
of formin<r the recesses is to 
fill the form to a level G 
inches above the level of the tops of the joists. With tlie form re- 
moved, recesses are cut in the earth with a chisel, the ends of the floor 



Flo. 12. — Three lay 



showing 
(Courtesy of 



. rs ol ranimi'd-ciirtli wall, 
how adjacent sections are bonded. 

11. u. •• 



Humphrey.) 




Fig. 13. — Method of bonding adjacent Rcctious of earth wall 

joists ai-c inserted in the recesses, tlie form is i-eset on top of tlie 
joists and the ramming i-esumcd. It is best to embed a wood ]jlate 
2 iiiclies thick level in the wall as a bearing for the joists. Still 
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another inotliod is to form a lod'^a by biiildiiifj out the foundation 
above the damp oom se, or by bolting a timber to the wall. (Fig. 15.) 

OPENINGS IN WALLS 

"When there is no cellar, openings in the walls should be provided 
for ventilating the space under the floor. Such openings, whioli 
shonld be screpncd against mice and insects, can be made by setting 
tile in tlio forms. 

Stops or bulkheads must be set in the forms at door, window, 
and otlier openings. They should be very securely braced to with- 
stand tlie severe pressure ereatcd by ranuning. (Kig. 11.) Before 
starting on the work, details of frames, sills, lintels, etc., must be 
delinitely decided upon, so that jjrovision can be nuide for incorporat- 
ing or inserting them in the wall. The method of handling the 




34. — FliKt-Ktory ioMs rrtitiiiK on foiindallDii wail. The wood Inwrts al>ovc' 
the joints i>i-ovldf iinllliii; for ttklrtliiR. u'curteny of II. U, IluiiipUi'ey.) 



forms .should be prcdetcrminod to facilitate the placing of those 
members wliich project beyond the face of the wall, since tiicy can 
not be set inside of the form and incorporated with the wall when 
the eai tli is being ramfnetl. 

Projecting members may be set after the wall form is removed, 
(he wall being cut out to recei\ o them: but the better method is to 
carry the wall up to a level G inelies above the ]-)rojection, the eartli 
being omitted in the space to bo occupied by the member. An extra 
dei)th of one-half inch should be allowed for bedding tlie sill, lintel, 
or molding in cement mortar after the form has been removed. The 
form is then reset on top of the inserted sill or other projection grip- 
]ung the f) inches of wall above it. In providing for a window sill 
which cxieuds but 2 inches into the earth iieyoud tlie jamb, the stop 
or biilkliead may be set on line witii the jamb, the ranuued earth be- 
ing cut or chiseled out later to receive the projecting ends. 
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UNTELS AND SILLI 



-CartMlMl*. 




15.— Method 



of eupportlns 
J<iist» 



lower floor 



The thickness of earth walls necessitates suitably designed lintels. 
If the jambs are of pise, tlie lintels should l)ear on the wall at least 9 
inches, and when the lintel is built up of several timbers a block 
should be bedded in the earth as a saddle to distribute the weight 
from above and assure uniform 
bearing. (Fig. IC.) 

The fivce of the lintel may 
be made llnsh with the finished 
wall surface, or. if the walls 
are to be coated with stucco or 
plaster, the lintel may be cov- 
ered with the same material. 
In such case the lintel Khould 
bo cohered with wire mesh or 
metal lath to provide a key 
for the surf nee coatinjr. If 
the exterior is to he coated with 
a thin wash, the width of the 
lintel should be equal to tiie tiiickness of the wall; but when the 
exterior is to be stuccoed and the lintel exposed, the width should be 
increased by the thickne.ss of the stucco. 

In the otirlier pise work lintels were of wood, either solid or built 
up of a number of 2 by 4 inch scantlln<rs placed side by side, requir- 
ing n considerable quantity of timber, A built-up wood lintel, eco- 
nomical of lumber, is shown in Figure IC. 

The joint over wood lintels should 
be protected with a molded drip cap 
or one cut from a 2 by 4 inch scant- 
ling, the ex])osed oi- outer edge being 
five-eighths of an incii thick and the 
inner l'"'s inciies. Tiie cap should 
project from 1 to IK, inches beyimd 
the finished-wall sui-face and should 
be 2 inches longer than the lintel. If 
the exterior vtaU is to be stuccoed, a 
rough lintel may be set flush witli the 
earth wall and a dressed plank, the 
thickness of the stucco, secured to 
its face. 

The siin]ilest type of concrete lintel 
is a reinfoived slab 4 inches thick. 18 
to 24 inches longer than the (>i)eiiiiig, 
and of a width as determined by 
the thickness of 
extei-ior coating. 

For architectural efl'ect a lintel should show a greater dei)th than 
4 inches on tlie exj^sed face. This ran be done by forming a lug 
on the slab, as shown by dotted lines in Figure 17. The bevel on the 
lug will to a great extent prevent water from the wall surface pene- 
trating behind the lintel. 




Nailing BlocI 



FlO. It).- 



-Dotall of wood llntcl and 
l)Iaiik frame 



the wall and any 
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Lintels and all inserts may be net in coinent mortar, but when flush 
witli the wall siirfai'e they arc nioi-e fieqnently merely embedded 
ill tlie eiirth as the wall is raised. Struts shouhl be placed under 
lintels to relieve them of stniiti wliile the wall is l:>einp rammed. 

Sills nuiy be nuide of eoneix'te. brick, or wood and should be 4 
inches ioufrer than the width of the openiu<r. Thej' should be pitched 
to shed water and siiould ])roje( t 1 to V-y inches from tlie face of 
the wall. A sill detail is shown iu Fijrui'e 18. 

7'he trentnient of tho.jamhs should Ije decided n])on before forminfr 
the openiufTS. The eNterual aufrles of earth jambs should be rounded. 
Frecpu'Utly the oppniu<rs are faced with biick or stone, forming a 
trim which often impioves the appearance. Space for such uiasonry 
trim or facinjr should i)e ])rovided by insertiufz blocks iu the form 
durin<: the construction of the earth wall. After the pise has dried 
out the l)rick or .^^lonework should be laid iu mortar and secured 
with rust-rosistaUt metal clii>s nailed into tlic earth walls, as in brick 
veneer over wood framing. If the ma.soury is built iu as the walls 
arc raised, ths earth iu drying: will shrink away from it and settle- 
inont of tho Mrth may causo a bulging of tho masKinry. 

Becaus<» of the thickuess.»! of the earth walls, the interior ja-inbs 
r«*>trict tlie distribution of lijrht from the openin<r and arc therefore 
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FiG. 17. — Reinforced roncrete Unfel 



usually s|)liiy('d or dared ;is in Fijrure IS. It is advisable to mold 
the o]Kuiii^'-- for double liiiu^ windows slK)wn iu this fifrurc. thus 
])erniittintr the Iraine to be slipped in after the rainmiufr is completed, 
lu l'"i<riirc 11 may be sn'cfi a window-jam!) i^toi) secured in the wall 
form, 'i'liis arraufremeut provides for the settin<r of a double-hung 
frame by renioving the weight boxes, inserting them iu the slots 
left in the wall by the jaiiih stoj)s, and then setting the frame, nailing 
the ])ulk'y stiles to the side-^ of the weight boxes. All door and 
window frames should Ih' anc]\ored to the wall. This can be done bv 
nuiliug the t'raiues to '1 by 4 inch blocks embedded in the ranuued 
earth, as illustrated in Figures Hi and IS. After a door or window 
frnme lias bwn set. the joint between (he earth and the wood should 
1)<! filled with cement mortar or other packing. Figure 1!) is a view of 
earth-wall construction showing door and window openings p.ir- 
tially formed. 

CHIMNEYS AND FIREPLACES 

Generally chiniueys and lireplace.s are built of brick or stone. At- 
tempts have Vkh'u made to construct them of pise, but so far it has 
not ])roven satisfactoi-y. It is i)ei-haps better to construct chimneys 
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and fiieplaces of masonry^ as in ordinarv house construction, bond- 
ing the earth and masonry as d«scribed *0i9t* 



PLATES FOR JOISTS AND RAFTERS 

Upper-Ptory floor joists can be supported in slots cast in th« frlkll 
or on jjlates restin{>: on ledges formed by reducing the tllidkeig6«s 
of the walls. Details are suggested in Figure 20. 

Tliere is no difficulty in setting tho plate for the roof rafters, as 
it can be, secured l)y bolts set in the pise. TJie bolts should be 
one-linlf incii in diameter, 15 
incheis long, and spaced 5 or 6 
feet apart. The top of the wall 
should be damp proofed to pre- 
vent damage by water leaking 
through the roof. Figure 21 
siu)ws tile arrangement of wall 
plate and waterproofing. 

PARTITIONS 

For interior partitions the use 
of some material other than pise 
may be preferred, eh])ecially if 
tile earth is inferior, making thick 
partitions advi'^able, or if the floor 
s])ace is limited. Partitions from 
d to 12 inches thick have been 
made with goo<l ourdi. and a 
jiarticularly strong partition con- 
sists of rannued earth between 
studs s])ace(l about 2 feet G inciies 
apart. A triangular fillet or 
wood strip, nailed down the 
center of the studs, keys the 
eartii to tiiem, and boartis clam])ed 
to the faces of tiic studs will serve 
as forms. I'artitions should be 
bonded to the interior face of 
the exterior walls to eliminate 
settlement cracks. This may be 
effected by building the ]>arti- 
tion into a slot formed in tlie 
extei-it)r wall when it is ramniecl. 
As i-aumiing the earth of a ]mv- 
tition against a completed exterior .wall may damage the latter, 
temporary bracing against the e.xterior walls while the partitions are 
being built is at least on the side of caution. 

Perhaps the be.st though most ex])ensive method of bonding parti- 
tions to outside walls is the use of a s])pciiil T-shappd form by means 
of which a short run of the ])nrtitioii is cast or rammed at the same 




llctails of double-IuniK window 



28°pl>*'"lU2i:^" ^^^'^^^^^ FIREPLACES. U. S. Dept. Agr. Farmers' Bulletin 1230, 



18 



Farmers' Bulletin 1500 



time as the exterior wall. This is coiiiinon practice and required 
when the inside walls support floor joists mud noccssitute.s the build- 
ing up of the entire partition, course by course, witli the outside 
walls. 

INTERIOR WALL SURFACES 

The Avails must be tlioroiifrhly dry before any preservative or 
decorative treatment is applied. It is generally five or six vveelcs 
aftei^ erection before the walls arc in proper condition for surface 
treatment. If plaster or other treatment is applied to an unseasoned 
wall it will probably fall off or loosen as the moisture eraporates 
from the rannnod earth. AVlien the walls arc to be plastered or 
stno oed the_y should be indented with a hatchet or scored M'ith a 
rak'c to ])rovido bondiuf^ for the coating. All loose particles and 
dust should be removed with a stilF brush. Just before the plaster 
or stucco coating is applied, tho surface should be uniformly mois- 




l'"ia. lit. — Unmincil-eartti wtilU under i-oiist riK'tioii, showing; iwrtlaUy formed 
op«tiiiiE8. (Courlcgy of II. U. nuiiiiilirey.) 



tened to jMcvcnt the water in the mortar being absorbed by the 
earth; a thin mud wash containing a percentage of sand and called 
dagga ])hister is sometimes used for this purpose. 

The inferior surfaces of nuim]w)r(ant structures may be merely 
whitewashed. If a somewhat better surface is desired, a thin 
mortar coat can be floated on the wall to iill up small voids or slight 
irregularities before the whitewash is applied. It has been said 
that wall paper may be ajipl led directly to smooth earth walls which 
have been i)r()i)erly sized. The' ii])])eiirance of the finished wall will 
dciHMid much upon the care tak"n to kcej) the forms true. The 
better class of houses should be jjlastcred in the usual way. Furring 
.strips and lath are not necessary as in masonry structures, since 
moisture will not condense on the earth walls, because of their in- 
sulating value. Ceilings uuist be jdastered over lath, unless wall- 
board, wood, or other nuiterial is used. 
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Fio. 20. — Mpthod of Bupportlnj; upper 
floor Joists 



EXTERIOR WALL SURFACES 

The effect of rain beatin<i^ against the natural surface of rammed 
earth walls is not so dama<rin<r as one mif^ht su^jpose. Piso walls 
have stood several winters in England with no protection, and they 
have remained undamaged in India and South Africa through 
tropical downpours. It must be remembered, however, that in these 
latter countries the walls had been previously sunbaked to an extent 
beyond possibility in a temperate climate. It is generally admitted 
that some form of covering or 
finish is advisable, if not essential, 
at least in the better-class work. 

Almost any treatment applied 
to earth walls will require main- 
tenance. Inequality between the 
expansion and contraction of the 
earth wall and the covering is 
likely to cause cracks through 
wliirh, where expos(>d to the 
weather, moisture will enter and 
eventually cause the coating to 
fall off in patches. Therefore any coating material which tends to 
form a separate rigid casing should be avoided. 

So far, exijerience has not developed an ideal treatment. The 
soundest method appears to be trentinent with a liquid Materj)roof- 
ing mixture, such as a solution of .silicate of soda, a lime wash made 
with boiling water, hot coal tar or a solution of bitumen, resin, or 
paraffin in light oils. Such coats, all of which possess some ijcne- 
tratmg quality, are better sprayed than brushed on. The selection 

of a color finish to cover satisfac- 
torily some of the foregoing pre- 
sents diflieultips. Special paints 
have been experimented with, but 
their effectiveness has not been 
inoven. In the absence of exact 
knowledge which would admit of 
definite recommendations, the fol- 
lowing descrij)tions of exterior 
coatings whirh have been em- 
ployed are j^rescnted. 

The descriptions quoted below 
are abstracted from an old treatise 
on pise: 

Fic. l-'l. Detail of eavc construction KouRlicast/ wliioh is attended with 

. , , ''ft'e trouble and expense l.s not- 

witlLstandiiifr. tlio best cover that can be made (or preserving pi»6 walls' TIip 
I.rni«p.H iidvantaf.'e it Has over .stucco is- that, by being cast arniiist tlic wall 
n 1.S more intimately bonded hy the indents than is stucco. RouchcaKt consists 
of a M quantit.v of mortar diluted with water in a tub to whl% a tr'^elM 
ol pure lime i.s added .so a.s to make it as thick as cream. A workman spriukte 
the wal ^^ith his I.rnsh dipped in water after it has been indente and swe,n^ 
itter which he dips another brush mn.lo of bits of reeds into the tub co ta «: 
nitf the roiiKhcnst and throw.s it from hi= brush against the wall so as o 
obtain a coat with as much e<piallty as possible. This splashing wav of coat- 
ing l>mves th^ surface very rough and uneven, as though smafl m>hlm Tad 

fln^l'S^'fl^.lsS'roVj^u/cor'' ^"""'^ °' ^■^'<^^ to a 
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been mixed wltli It; therefore, if ii rough llnbh Is not deslrnble, the surface 
eaii be smoothed with a trowel when u suffleleiit quantity of the dash has been 
splashed on. 

situfcoing Is very dllTerent, It is nothing but a iwor mortar which la u&Ae 
hy mixing 1 buKliel untilaked lime with 0 bushels Clear washed sand. Slake 
the lime, mix with the sund, and allow to season thoroughly, the same us if 
making mortar for masonry. If a .stock of mortur is not kept on hand long 
enough to ix.>rniif seasoning, tlion lluu> should bo kept tn store; if it is good 
It will become air slaked, which makes it «o mucli the better for mortur, as 
lime so sliiked and mixed with sand never forms orucks or blisters; and if 
It is to be slaked with water the loss water used, If the quantity Ls sufficient, 
the bettor. This should he slttcd to remove all cores and unburnt particles, 
which If left in the lime will swell and burst the plaster after It has been 
put on the wall. 

In applying, one workman Sprinkles the Indmted and swept wall with water 
from II bru^li, aft»r which he applies the plastor to the wall, pressing It in the 
indentK fllid ^i)rMiding as oven and thin as pos.><ible. A .second workman fol- 
low* the flr»t and wltli a brush in his left hand sprinkles the plaster just laid 
and ml).'* ovor the part sprljikled with a wooden lloat in his right hand until 
It forms (in even rough eoat. 

I.I. ME WASH 

At the sumo time that the i)lasti'r is put on it may be whitened by lime 
wash. For this purpose, Jnst before the wiish Is needed and before the rough 
eiist or stucco Is dry, take .some unslaked lime and dltsyolve it In clear 
water and apply it to tlu> walls. The wM.>di thu» made has in Its water a 
portion of llxed air which, being applied directly after the plaster, cnuses the 
mortar to become harder than it otherwise would be. and by reason of the 
plastttr being still wet the wash and plaster will Incorporate with each other 
8o that the color will he lixed immovable from the plaster and will never wash 
oil', (iiul the wash will bo white uu long aK the plaster stands. 

COI^lK (IK K1!ES(X) 

'Hieso colors are more lively and brilliant than any other, l)eenu.<;e size and 
oil which deaden colors are not used. To make the color, dilute in a large 
tub of watur a .sufllei»nt quaiitit.v of lime which has been Mlauked a long rime; 
In another vessel of soft or very clear water, dilute yellow or red ochre or any 
other mineral color, rour n little of the li(|uid color in the lime wasih and 
stir well until the closiied tint is obtained. In applying, the painter Should 
follow the plasterer. The l;Uter applies the mortar, spre.iding it very even 
to receive the color. The painter stuns wurk while the iibistorer takes another 
part of the wall, hut he should not uoik too fust for the iiainter to keep up 
with hiui. 

Kvery procjiutiou shnuhl be tiikon to prevent the i)laster dr.vln-; before the 
l)Miiitor has jnit on the color, esiK'cially on the south side in summer. 

Tho followiiifr tieatiucnt is (Ifscriboci a? used in South Africa: 

Cover the outside iind inside with a mixture of six parts earth, two parts 
!»and, and one part hydrated lime, the earth hcing the red nitlier fat «Mirtli 
ftaiiid everywhere. It is put on thin with n trowifl after djimpliig the wall. 
When It dries and crai'ks rub all over with a Ksieklng pad covered with the 
plaster mixture but wetted to a thin cream <'oiisi.<iten('.v. It nin.T sound like an 
odd method, bat the natives di> this work well and the results arc as good 
as one can wish for. Tar or any wash can he put over this. 

A Gonnan author iccommends that the wall bo <rivpn a coating of 
hot tar, which should he well sanded before it becomes stiff. After 
this is dry the surface can be whitowushed or first coated with dilute 
cement mortar, made by mixing 1 i)art Portland cement, .2 parts 
thoroiiffhly shdced lime, and 6 parts sand, ahfl then whitewashed. 
This coating is said to adhere very well. 



Rammed EanMi^^mmi^o^Bmldin^ 



Occasionally pise buildings have been covered on the outside with 
bricks. The bricks should be placed after the earth walls are com- 
pleted, though early builders placed the outside bricks and rammed 
the earth against them. This latter method is not considered good 
practice, because the brick is likely to fall away if the earth walls 
shrink on drying. It is considered best to use the bricks as a 4-inch 
veneer and secure them to the pise with metal strips placed two to 
three feet apart in every fifth or sixth course. The clips can be 
readily nailed to the earth walls and are used just as though the 
veneer had a frame backing. Houses built in tiiis way can not be 
distinguished from solid masonry structures, are tery durable, smd 
low in cost of upkeep. 

Portland cement stucco can be used over pise walls, but it is 
thought best to place it over wire mesh because of the difference in 
expansion between the cement mortar and the earth walls. . The 
wire mesh should be secured to creosoted wood plugs embedded in 
the walls. 

WHITEWASH 

Whitewash mixed according to various formulas has been used di- 
rectly on the earth walls or over cement stucco. The following, em- 
ployed in England lias given good service; 

Place 1 bushel good fresh lime in a barrel with 20 pounds of beef tallow ; 
slake with hot water nnd cover with a sackcloth to keep in steam. When 
the lime Is slaked, the tallow will have disappeared, haviu;; formed a chemical 
comiM)Uiid with the limo. Dry colors may be added to produce any tint 
desired. 

It i.s best to add the color before sliikiiifr the lime, but if this is not feasible 
mix the color with alcohol and add it to the strained whitewash. Thin to 
easy flowing consistency with clear water. 

Although definite information with regard to the suitability of 
the foUowinie whitewashes is lacking, it is thought that they will 
serve as coatings for earth walls. 

Weatherproof whitewash.— Slake C2 pounds (1 bushel) quicklime 
with 12 gallons hot water; dissolve 2 pounds comnion table salt and 
1 pound zinc sulphate in 2 gallons boiling water and add to the liine 
mixture, then add 2 gallons skimmed milk; stir thoroughly. 

Lighthouse whitewash. — Slake G2 pounds (1 bushel) quicklime 
with 12 gallons hot water; dissolve 12 pounds rock salt in 0 gallons 
of boiling water and add to the lime mixture, then add 6 poimds 
Portland cement; stir thoroughly. 

Government formula. — Slake one-half bushel quicklime with boil- 
ing water, keeping it covered during the piocess; strain it and add 
a peck of salt dissolved iu warm water; Boil 3 pounds ground rice 
in yrater to a thin paste ; dissolve half a pound of powdered Spanish 
whiting and a pound of clear glue in warm water; mix these well 
together and let the mixture stand for several days. Koap tlie 
wash " thus prepared in a kettle or portable furnace and apply as 
hot as possible. 

One ounce alum .Tclded to a gallon of lime whltpwasli Increases Its adhesive quality. 
Flour paste answers the same purpose, but a preservative such as zinc sulphate should be 
added. 

One pint of molasses added to 5 fiailon.s of whitewash renders the lime more soluble 
and causes it to more deeply penetrate wood or piaster. 

A pound of ehtiap bar xoap dissolved in a eallon of water and added to about D Kallons 
thick wbitcwaeh will Impart a gloss like that of oil paint. 
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Casein whitewash. — It is claiTnod tluit the following formula* 

produces a wliitewasli tliat will not clialk or rub and is very weather 
resistant. It is highly recomnunided by its advocates: 

Soak 5 pouiul!< eaHeiii In about 2 Kallons of water (i)roferably hot) untU 
thoroughly softoiioti (alxmt two hours) ; dissolvo .'i ixjuiul.s tri.«ocliuiii pliosphate 
iu uhout 1 Kulloii of water and dissolve the casein in tills .solution; prepare a 
thick cream hy nilxinn fiU ixanids (1 sack) of liydrated lime iu about 7 gallons 
of water, stlrrinp; viRorously ; dissolve .':! pints of formaldehyde in aliout .'i 
gallon.s of water; when the lime paste and casein solution are both thoroughly 
cool, slowly add the casein s(jhition to the lime, stirring constantly. .Tust 
hefore apjilyiuK, slowly add the formaldebyde to Iho ml.\tnre, stirring con- 
stantly and vigorously. Care intisst bo taken not to add tJie formHldt-b.vdo too 
rupidly, as It may can«o the caM'in to thus jspolliuK tbo batch. The cold 
llmc paste prudilceU by carefully felaklinf and screeniiiR 38 pounds of (lulekllme 
may lie substltiiti-d for thf liydrntcd lime. Do not make up m Rreater quantity 
of tbis! watb than can be nwd In one da.x. Borax can be sub»tltule<l for the 
trlfodium pliosplmto, but If docs not produce so durable a wiiitcwasli. 

Coloring whitewash. — Whitewash can be colored with earth pi<i- 
nients, .such iis Vandyke brown, red oxide, yellow ochre, siennas, um- 
bers. Indian red, li<rht red, cadniiiini yellow, nltrainarine. cobalt bine, 
chrome frrceu, enierHld ^'reen, and all black i)ifrnients. The qnantity 
of i)ignient necessary will depend npon the h-hade desired. 

COST OF PISfi WORK 

Builders differ in their rcjiorts as to the qnantity of pi.«?e de terre 
that can be jilaccd in n day and also as to the ctwt. Althonfrli the cost 
dei)ends iijion a nuniber of fiictor.«!. as in other types of constrnction, 
the f()I]()win<r inav serve as a •rnidc: 

In En^daiid jjlsc dwcllinjr-lioiise walls 1 foot lOLj inches thick 
were built l^'i jjcr cent cheaper than were 11 -inch hollow brick walls 
ill a similar striicttne. In another house there was a savinfr of 80 
per cent in favor of i)ise as comi)arcd with brick walls. Tn still an- 
other the i)ise walls. 18 inches thick in the fir.st story and 14 inches 
in the second, cost $8.04 per sqnare yard of surface as apainst $5.07 
for 11-inch hollow brick wall. The labor cost was 1^0 cents per honr. 
It .shonld be borne in mind that any savinfr in cost re.snltinfl from 
the use of jjisc is confined to the erection of the walls, as all other 
construction in two biiildinjrs otherwise alike would be jiractically 
the .same. 

As to the quantity of earth that can Ix; jjlaccd in a day the follow- 
ino; from an old report .seems to be substantiated by recent experi- 
ments: Three men can place .54 sc]uare foat of 18-ineli wall of thr 
first story or 48 square feet of 14-inch t\'all of the second story in 
one day. Two of the men were employed in ramiiiin<i and oi'casion- 
ally helpinfi the third, who loaded a cart with the earth, hauled it a 
short distance, and then i)laeeil it in the foi'ins. 

PROTECTION FROM ANIMALS AND ANTS 

lilost earth walls are subject to attack by rats, but many bnilders 
claim that do terre is so dense that the r»t.s can not gnaw it 
and that it is free frOin .snch attacks. rsiM't-inlly when » good ma- 
sonry foundation is provided. However, in localities where rodents 



•National i.i.mk association. wniTKWAsn an!> cold watkr vaint. Ntitl. T.lme Assoe. 
Bui. :»M-n, 8 p. WiiKbiiigton, 1). C. 1024. 
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arc a nuisance, broken glass has been i»cm-porated in the earth of 
the lower 2 feet of wall. Cows are particularly fond of licking 
the bare earth of untreated walls; therefore the inside surfaces of 
stable walls, within reach of animals, should be coated with a wash 
of tar or ceuient. In the tropics, where white ants are a plague, 
carbolininiii, arseuitc of soda, or other ant preventive is generally 
mixed with the earth of the first course. 



BLOCKS 



The earth is sometimes rammed into molds to form blocks and 
then dried in the sun. The blocks are of various sizes but iiveragc 
about 18 by 12 by 9 inches and are used in the oonstructiou of 
exterior walls, columns, and 9-inch partitions. Figure 22 ' illus- 
trates a good type of mold used in making blocks 9 by 9 inches 
and 18 inches high. In actual construction blocks should bo longer 
th»n high and as wide as the wall, unless its thickness would re- 
quire u block too heavy to be easily handled. In such case the width 
should be one-half the wall thickness less one-half of the joint. 
The block should he made so that it may be laid with the lamina- 
tions horizontal. The blocks can be bonded with lime or cement 
mortar or a thin mixture of the earth used in the blocks. 

USE OF CONTRACTORS' IMPLEMENTS 

Attempts have been made to adapt clay-mixing machines, pneu- 
matic ranuners, concrete block machines, cement guns, and similar 
equipment to pise construction, but so fur these have not been a 
success, with tlie possible exception of apparatus for spraying liquid 
coatings, especially tar. Labor-saving machines doubtless would be 
economic al where mucli pise work is to be done, but their cost hardly 
warriiuts their use in the relatively small amount of earth construc- 
tion tliat an individual is likely to undertake. 

CONCLUSION 

Pise de terre is not known to modern builders as are cob and 
adobe. The reason is not clear, for from all reports it is a method 
of construction with many advantages not possessed by the other 
two and in some respects is superior to frame and luiisoury. It 
was iirst employed in this countiy during the sixteenth century. 
The few curly instances of its use" fa,iled to estiiblish it, and now- 
after wiir has strained the economic resources of the world low-cost 
construction is demanded and the merits of pise de terrc are re- 
membered. 

No permanent building material is cheaper, and when spare-time 
farm labor is employed very little cn-^li outlay is required to erect 
durable sti'uctures. e!<pecially when (he roof tiniber is cut from the 
farm wood lot aud concrete made with local gravel is u.sed for tlie 
iloors. 

'i'lie natives of the Southwestern States do not hesitate to build 
witli adobe, but the kind of soil aud the construction methods em- 

' Fofm for t»Bt blocks used by the California Kxperlment Station, Division ot Axrlcul- 
tural KuBlncrrinr, Lulvcrslty of California. ^Kricui 
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IDloycd limit its use to the semiarid refjions, whereas pisc de terre is 
•idaptable to a wider ran<^o of territory. 

The information contained in this bulletin was taken largely from 
the following publieationH published in this and foreign countries 
and most of which are not readily available: 

Kurnl Economy, by S. W. Johnson, New York, 180S. 

Journal of tlii» Ministry of Aifrlculturo, Sei)tPinber, 1920. London. 




l-'ic. a-'. — niocU form 



Spociiil Ki'iiort Xd. ."i. r.iiildiii!; llcseiirch Ho.-inl, I H'lmrinient of Scientific 
and liKliisliiul Kescarcli, l^ondon. 
Cotiajfc Itullding in Cob, I'isu, Chalk, and Cl.ny, by Clougli Willlauis-Kllis. 

Xew Vdik. 

German IMibHeatioiis of Frederick Tour Kill towitz, and E. lOuKel. 
Kxperiiuciital Collates, by \\' . It. .Iaj:i;aid, iiiiblisluHl by 1 )i'i)artinoiit of 
Seieiititlu and Indaslrial Keseaicb l.oiidoii. 

Other discussions of the subject that mav be of interest to the 
reader will be found in — 
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The Cyelopedla or Universal Dictionary of Arts, Science, and Literature, 
published in I'hiladelphla, 1S18. (Article by Abraham Rees.) 
Encyclopedia Uritanniea, Ninth Edition, Vol. XIII. 

Papers by P. B. Aird, Journal of the Depnrtment of Agriculture, Union of 

South Africa (1022). 

• Recent publications, other than the above-mentioned book by 
Clouf^h Williams-Ellis, that are readily obtained are : 

Modern Pisf Building, by Karl J. Ellington, Port Angeles, Wash. 
Lower Cost Buildings, by E. W. Collin and II. IS. Humphrey, New York. 

Before attempting work on a large scale it Avoiild be wise to be- 
come familiar with the methods of manipulation by building a small 
garaffe or tool house after making the moistui-e and soil tests outlined 
on pages 4 and 5. 
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